These values and those from other Balkan populations studied previously (Petnica, Kamariste, Zanjic and Djerdap) were used to analyze the possible effect of population, year, month and altitude above sea level on lethal chromosomal frequencies. According to ANOVAS no effect were observed. Furthermore, the lethal frequencies of the Balkan populations did not vary according to latitude. This is probably due to the relative proximity and high gene flow between these populations. From a joint study of all the Palearctic D. subobscura populations so far analyzed, it can be deduced that the Balkan populations are located in the central area of the species distribution. Finally, it seems that lethal chromosomal frequencies are a consequence of the genetic structure of the populations.
1 From late 1930, lethal genes have been used as genetic markers to detect concealed variation in Drosophila populations [1] [2] [3] [4] . In order to study lethal genes a lethal balanced strain is required. This strain is a genetic construction involving a pair of homologous chromosomes with the following characteristics: they have to contain natural or induced chromosomal inversions to block recombination, dominant markers to detect each balanced chromosome and recessive lethal genes to prevent the homokaryotypic combina tion of these balanced chromosomes. Usually, the dominant genes are also recessive lethals to combine the last two genetic characteristics in only one gene. There are a limited number of Drosophila species in which lethal balanced strains are available (for instance, D. melanogaster, D. willistoni, D. prosaltans, D. pseudoobscura, D. persimilis and D. subobscura) [5] . To obtain lethal frequencies in a natural population, appropriate crosses have to be carried out with the lethal balanced strain (for instance see [5, 6] ). In a population, the frequency of lethal genes is a good measure of its genetic variability. With this procedure it has been possible to study the spatial patterns of these frequencies [7] [8] [9] [10] [11] , the annual variation within the same population [12] [13] [14] and even seasonal effects [14] [15] [16] .
In D. subobscura, studies of lethal genes have been possible since Sperlich constructed the Va/Ba (Vari cose/Bare) balanced lethal strain [17, 18] , in which 1 The article is published in the original. many molecular markers have recently been charac terized [19] . Most analyses have focused on the geo graphical distribution of lethal frequencies, both in Palearctic and American populations (see [5] for a review). In general, it is accepted that the populations situated in the central area of the D. subobscura distri bution in the Palearctic region have a higher frequency of lethal genes than marginal populations. Thus, the Spanish, Italian, Austrian, Greek and Balkan popula tions studied to date can be considered as central, while Scandinavian, Scottish and Tunisian popula tions are marginal [5] . American colonizing popula tions have a low frequency of lethal genes, a conse quence of the strong founder effect [5] .
The current study focuses on the lethal frequencies in the Balkan region, using new samples and other previously analyzed collections from this region. These results will be compared with those obtained in the Palearctic region in an attempt to identify the mechanisms that affect lethal frequency variation. [20] and June of 2004 [21] from a forest with polydominant communities of Fag etum submontanum mixtum approximately 450 m above sea level [20] . Other previously collected Balkan D. subobscura populations that were used in the present study were from: Petnica, Kamariste, Zanjic and Djerdap. The environmental conditions and the trapping dates at these localities are described in [22, 23] .
MATERIAL AND METHODS
Drosophila subobscura O chromosome lethal genes were obtained by carrying out appropriate crosses with the Va/Ba balanced lethal strain. The pattern of crosses used is described in detail in [24] , however, we would like to explain briefly this pattern of crosses. Wild males were crossed in individual vials with 2-3 Va/Ba virgin females. A single F 1 Va male from each vial was crossed again with 2-3 Va/Ba virgin females. From each F 2 , males and virgin females of Va pheno type were crossed among them to obtain the next gen eration. In the F 3 offspring, the rate between flies with normal phenotype and the total number of emerged flies was the measure of chromosomal viability. A chromosome was considered lethal if its viability in the homozygous condition was strictly zero. The lethal chromosomal lines could be maintained indefinitely by crossing the individuals among themselves. In the laboratory, D. subobscura flies were fed on a standard cornmeal sugar agar yeast medium and all strains and crosses were kept under controlled conditions (at 19°C, 60% humidity, 12:12 h light:dark cycle).
Four factorial ANOVAS were undertaken to exam ine the effect of population, year, month and altitude on the lethal frequencies. These were computed using Statistica v.6 (StatSoft Inc., Tulsa OK). The correla tion coefficient between latitudes and lethal frequen cies was calculated using the same statistical package. Lethal frequencies were normalized by the arcsine transformation. Table 1 . No sig nificant effect on lethal frequencies was observed for year, population, month or altitude of population ( Table 2 ). The lethal frequencies of the Balkan popu lations (Petnica, Kamariste, Zanjic, Djerdap and Avala) did not correlate significantly with latitude (r = 0.1697, p value = 0.7850). This result was expected due to the low latitudinal range and the sim ilarity in lethal frequencies. General information on these Balkan populations was grouped with that from other Palearctic populations (Table 3) . In this table, values for Mt. Avala and Djerdap show the average of the samples obtained in the different years. The lethal frequency presented for Hillevik is also the average of the 1990 and 1992 samples. Based on latitudinal loca tion and lethal frequencies, it seems that the Serbian and Montenegrin populations are situated in the cen tral area of distribution of the species. Usually, a pop ulation is considered to be central if its lethal fre quency is equal to or higher than 0.2 [31, 32] . Thus, q DISCUSSION A classical topic in population genetics has been the genetic variability within the distribution range of a species. A cornerstone in population variation is the inversion chromosomal polymorphism, which varies adaptively in time (over the seasons and years) and space (reviewed in [1, 4, [32] [33] [34] ). In general, marginal populations present lower levels of variability than those located in the central area of the species distri bution (for a review see [4, 35, 36] ). However, not all genetic markers seem to follow this pattern [4] . In the case of lethal chromosomes, it has been accepted that D. willistoni has lower frequencies in marginal than in central populations [32] , but this conclusion is not clear cut [37] . In D. melanogaster, some geographical variation was found, but with different interpretations [7, [38] [39] [40] . However, no differentiation among popu lations was observed in D. prosaltans [41] . Finally, lower frequencies of lethal genes were detected in iso lated marginal populations of D. pseudoobscura [42] .
RESULTS

The lethal frequencies obtained in the Avala
The D. subobscura populations from Serbia and Montenegro appear to be situated in central area of the species distribution, because their lethal frequencies are higher than 0.2. This was confirmed by their inversion chromosomal polymorphisms [43] [44] [45] . These popula tions form a homogeneous group regardless of their geographical location, habitat, altitude and year. Finally, lethal interpopulation allelism tests revealed intense gene flow between the populations [46] , which probably homogenizes them. A similar situation was reported in Japanese D. melanogaster populations [47] .
However, is the lethal chromosomal frequency actually a good marker for differentiating central from marginal populations? In D. subobscura it is consid ered that marginal populations in the northern area of distribution are those located on the Scandinavian Peninsula (Norway, Sweden and Finland) [31, 32] . However, Hillevik and Gävle presented lethal fre quencies over 0.2 (Table 3 ). In small marginal popula tions, rapid elimination of lethal genes is expected due to the high frequency of homozygotes. In Hillevik and Gavle, the absence of lethal allelism could be inter preted as both populations had a large effective popu lation size, but this conflicts with the small sample sizes collected [25, 26] . It is possible that the samples contained the remains of the genetic variability of a population expansion that took place some time ago [25] or were composed of migrants from different pop ulations. In the southern area of distribution, it is gen erally accepted that populations located on the north Mediterranean coast are central and that those on the south coast are marginal [31, 32] . In terms of lethal frequency and geographical situation Bizerte is clearly a marginal population. However, the Greek popula tions from Kastoria and Thessaloniki present lethal frequencies under 0.2 (Table 3 ). Although the habitat from which the samples were collected seemed appro priate, the season was not consistent with the period of population expansion. In such circumstances, the effective size may be small whereas the probability of lethal chromosome elimination due to the homozy gote condition may be high. The same hypothesis may also explain the low lethal frequency detected in Cinisi (Sicily) ( Table 3 ). In the central area of the D. subob scura distribution only two anomalous lethal frequen cies were observed, those for the Tübingen and Zernez populations [27] . The Tubingen sample was obtained from a good habitat for the species but at the end of the second period of population expansion. The Zernez population was an alpine population and its particular ecological conditions probably resulted in a small effective size.
In general, lethal chromosome frequencies are related to the effective population size. If the latter is large, most lethals will be in the heterozygous condi tion and will not be eliminated by selection. On the other hand, a small effective number implies that most lethal chromosomes could be in the homozygous con dition and thus eliminated by selection. Central popu lations are usually large and present high lethal fre quencies, and marginal populations, which are often small, usually show low lethal frequencies. This gen eral pattern has been observed in D. subobscura [17, [25] [26] [27] 48] , but some results require additional expla nation. As shown in Table 3 , habitat was not relevant, because all samples were collected in good conditions for the species. However, the period of collection could be important, because D. subobscura has two ZIVANOVIC et al. periods of expansion during the year, the most impor tant in spring and the second less intense expansion in early autumn. Depending on the timing of sample col lection the genetic structure of the population could differ and this could be reflected in the lethal frequen cies. When populations were sampled during the first population expansion period (spring), the effective population size, measured by lethal allelism, was enor mous and the lethal frequency was high [28] [29] [30] . When the population was sampled in the second expansion period (autumn), the effective population size was large, but not enormous, and the lethal fre quencies were not as high [29] . The pattern of allelism also differed: whereas in spring most allelic cases were only due to independent pairs of lethals, in autumn some clusters and concatenamers of lethals were observed [29] . Even trapping in the first period of expansion, but at different points in time, could allow detection of the changes in genetic population struc ture. For instance, the Mt. Parnes sample trapped in April 1977 was collected at the peak of its expansion, deduced by its almost infinite population size and lethal frequency (0.38 ± 0.04, Table 3 ). However, when the same population was collected again in May 2006, the weather was cooler than expected. The population was at the beginning of the expansion period, with a large effective population size (estimated between 11874 and 26828 individuals), but lower than that observed in 1977 [29] . Consequently, the lethal fre quency was also smaller (0.34 ± 0.04) than that in 1977 (0.38 ± 0.04).
Finally, American populations of D. subobscura can be considered as colonizing populations and not mar ginal. The colonizing event determined their genetic structure and evolution. In these populations, lethal frequencies are mainly dependent on heterotic or his torical associations between lethal genes and chromo somal inversions [49, 50] . Thus, as a general conclu sion, lethal frequency seems to indicate particular sit uations in the genetic structure of a population.
